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Abstract 
The article describes the research of the human background exposure to natural radionuclides in Volgograd region premises and 
presents the methods to protect the population from the influence of natural radionuclides. Direct studies established the absorbed 
dose rate of Volgograd region in the areas of wood, brick and concrete buildings. The frequency distribution analysis of natural 
radionuclides’ effective specific activity in building materials has been done. It was found that the exposure of population to 
building materials irradiation in Volgograd region is bigger than the Russian average. It is found that the long-term exposure to a 
certain dose of irradiation results in a more serious injury than a short-term exposure to the same cumulative dose. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Naturally occurring radionuclides forming background radiation areas, get a leading place among all sources of 
ionizing radiation (SIR). As the population of the industrialized countries in the world spend most of time in 
residential and public buildings, natural radionuclides (NRN), contained in building materials significantly affect on 
radiation exposure from natural sources of ionizing radiation. The main components of the premises background 
radiation are substantially dependent on human activities (variety of areas for development, building materials, 
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construction of buildings and so on). All this led to the fact that territorial gamma-background, as well as one of 
residential and public buildings, has attracted the most attention in recent years [1,2]. 
According to current data the impact of ionizing radiation on living organisms can occur at distant time. The 
mean value for the latent period of 10 years is considered to leukemia and of 20 - 25 years to malignant tumors of 
different localization [3,4]. It is now established that the average dose to the population due to natural background 
radiation and the radiation dose during medical procedures is 0.1 – 0.2 Sv over fifty years. Thus, the yield of somatic 
long-term outcomes is 1 - 2% of all deaths from malignant tumors. Early disease cases detection in the population 
poses the problem of medical service for early diagnosis and prevention of diseases, which entails the need to use 
modern information technologies in health care, in particular, the establishment of systems for differential diagnosis 
[5,6]. A special place is given to systems which help to improve the quality of medical services [7]. The most 
relevant approach to software model of medical knowledge representation is implementation of differential diagnosis 
medical expert systems [8-11]. 
Because NRN content in building materials varies widely, human individual doses in buildings vary from values 
lower than twice the average values of up to 100 times more than the average depending on region. Therefore, the 
investigation of gamma-background of areas, residential and public buildings, as well as the radiation characteristics 
of building materials and the development of methods for reducing the population exposure are urgent tasks. 
The problem of radiation dose reducing in the rooms can be solved by comprehensive studies of the radiation 
characteristics of the construction raw materials, territories and the dose rate in the constructed and operated 
buildings. An extremely important step in solving the complex problem is a radiation monitoring in the course of 
new materials development and existing materials usage to reduce the dose rate in premises [12,13]. 
The following tasks were placed: 
x the identification of patterns changing in the gamma-background areas and premises depending on the influence 
of various factors; 
x the development of effective tools and methods for radiation doses reducing in residential and public areas. 
Research methods included: an analytical synthesis of known scientific and technical results; standard methods 
for studying the properties of building materials and gamma spectrometry analysis of the effective specific activity 
of NRN; dosimetric and radiometric methods for determining radiation exposure; processing of the experimental 
data with mathematical statistics methods. 
2. The scientific importance of dose loads investigation in the premises 
Extensive studies of dose loads in residential and public buildings, constructed from various types of construction 
materials had been conducted in the Volgograd region for the first time. Exposure dose rate (EDR) of deposits of 
building materials and territory as well as effective specific activity (Aeff) of the Volgograd region soils had been 
determined. The regularities of dose rates changing at areas, deposits of building materials and premises, depending 
on the influence of various factors (season, the building materials used, etc.) had been calculated. 
The frequency distribution of nuclides Aeff in building and raw materials was obtained. Analysis of frequency 
distributions showed that the population of the Volgograd region get the major portion (56%) of natural irradiation 
from building materials with Aeff to 200 Bq/kg. Dependence of the absorbed dose rate (ADR) in the premises from 
Aeff of used building material was found experimentally for the first time. It was found also that the power of 
absorbed dose in production facilities of construction companies appeared on the average of 15 - 20% higher than in 
the residential area (42 - 213 nGy/h). During warmer months, the dose rate in the rooms increased by 2 - 3%, and 
almost does not depend on the number of storeys of the building [1,12,13]. 
The average annual effective equivalent dose of public exposure due to J-radiation (486 - 1983 mkSv/year) was 
calculated. Additional effective dose equivalent (EDE), due to living in modern brick buildings for the Volgograd 
region population (Nbuild = 235.8 mkSv/year) was calculated for the first time. The level of area residents exposure 
exceeds the average level of public exposure in the country at 100 mkSv/year. 
Specific activities of NRN in local and imported finishing materials, made from various types of raw materials 
were investigated for the first time. It was found that the lowest level (less than 50 Bq/kg) had plastic, gypsum, 
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gypsopolimere and wood fiber surfacing materials, and  ceramic tiles had the highest level (164 - 355 Bq/kg). It was 
found that finishing of only two surfaces (floor and ceiling) by facing material with Aeff d 30 Bq/kg reduces EDR 
indoors to 1.5 - 2 times. To reduce the radiation exposure in the premises it is advisable to use materials with high 
density and low Aeff (eg, radiation-modified gypsopolimere, fiberboard and flooring). 
A method proposed for the first time to reduce radiation dose in constructed and already operated buildings, 
based on the calculation of the thickness of the protective materials and determining the power of the radiation 
source, which represents a closed system. A method for reducing the exposure rate in the premises due to the 
valuation of NRN specific activity in the building materials, proposed firstly, too [1,13-15]. 
3. The theoretical part of the study 
According to the research a map of the radiation dose distribution in the Volgograd region was worked out for the 
first time, allowing design organizations to navigate in course of radioengineering investigations and areas for future 
development alloting. A calculation method of dose loading power for premises was developed, taking into account 
the effective specific activity of construction materials, to estimate the risk of radiation exposure. A requirement 
document  for use in the construction industry in order to reduce public exposure in the region have been worked 
out. 
«Norms of admissible levels of gamma radiation, radon in the areas of development and sampling» have been 
developed and accepted for execution, to ensure the radiation safety of the Volgograd region population. 
The results of the research have been implemented at the Volgograd regional construction industry enterprises to 
be used in development of building raw materials, construction materials, withdrawal of building plots and 
construction of buildings, as well as in the preparation of the annual radiation hygiene passport of the Volgograd 
region. 
Currently, there are known about 300 natural radionuclides. Most of them are such that to avoid exposure from it 
is absolutely impossible. Until recently, radiation from natural sources was seen as a minor and inevitable 
phenomenon of the natural background radiation, which does not affect humans. It is now recognized that the 
absorbed doses of public exposure in residential areas can be very high and can be reduced, and it’s also possible to 
avoid a significant radiation dose while constructing of new buildings [1,3,16]. 
Natural sources of ionizing radiation are characterized by a wide range of values. large groups of the population 
can receive a dose higher than the average, depending on the used building materials. The main contribution to the 
collective dose of public exposure is provided by natural radiation sources (5/6 of annual equivalent effective dose 
received by the population), mainly due to exposure from building materials. According to estimates of the 
Scientific Committee on the Effects of Atomic Radiation of United Nations Organization (UN GIFT NC), the 
population of the industrialized countries spend about 80% of his time in residential and production facilities. The 
main components of the background radiation facilities are substantially dependent on human activities (choice of 
building materials, construction of buildings, ventilation of premises, etc.). All this led to the fact that this 
background radiation in premises (and primarily residential) has attracted the most attention of specialists in the past 
decade. 
In the process of minerals processing, NRN concentrating may occur in the final or intermediate products, as well 
as in the waste used by construction industry. Such primary producers can supply products with a high NRN 
concentration. The difficulty lies in the fact that building industry professionals (designers, engineers, builders) are 
poorly informed about the physical characteristics of the building materials, the concentration of radionuclides in 
construction materials and methods of it’s control, as well as regulations operating in Russia and abroad. 
Designing of new housing and public facilities it should be made provision for dose rate of gamma radiation 
indoors does not exceed a dose rate in an open area of more than 0.2 mkSv/h (20 mkR/h). To provide normal 
conditions of the radiation environment in premise, construction materials with a specific activity of not more than 
370 Bq/kg should be classified as first class [1,3,16]. 
The current practice of building materials production have been evolving with regard to it’s cost. Therefore a 
specific increase in the cost of construction materials production can occure while considering an additional 
criterion - the degree of radiation exposure on human. Thus an accounting of «benefit-harm» ratio while dealing 
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with the expedience of technological procedures (change in temperature, duration of processing of materials, and 
others.) in the processing of building materials to the high concentration NRN is necessary. 
Carrying out activities, leading to a reduction in damage to health of the population is expedient if the damage 
reduction will not be less than the cost of these measures, and the properties of the materials will remain the same or 
be improved. 
For high precision evaluation of radiation background in the residential area special equipment is required, which 
allows to measure the low specific activity of NRN in the objects of the environment, as well as an extremely low 
dose rate of J-radiation with a separation of results due to space radiation and J-radiation from building materials. 
The most suitable instruments for measuring radiation characteristics mentioned above seem to be the dosimeters 
DRG-01T1 and SSR-68-01, possessing high sensitivity as well as sufficient accuracy and usage convenience for 
large amount of measurements. To determine the specific activities of NRN in the construction raw materials, soil, 
wood and others it is advisable to use a universal spectrometric complex (USC «Gamma Plus R») based on 
scintillation gamma spectrometer, providing material class establishment. 
4. Practical importance 
The results of large-scale radiation dose investigations carried out in Volgograd region indicate that dose values 
are in the range of 50 - 120 nGy/h (5 - 12 mkR/h). In places of bedrock occurence, where basic building materials 
producted, the dose rate ranges from 128 to 374 nGy/h at the surface and from 187 to 460 nGy/h at a depth of 3 to 5 
meters [1,4,13-16].  
 
Fig. 1. Distribution map of absorbed dose average power in the Volgograd region, nGy/year 
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Based on the results of the survey have been developed and taken to the execution of «Norms of admissible 
levels of gamma radiation, radon in the areas development and sampling» for the Volgograd Region, which set the 
maximum allowable power level dose of gamma radiation on the open areas of the territory, equal to 200 nGy/h (20 
mkR/h). 
The map (see Fig. 1) of the dose rate distribution in the region was generated to analyze radiation exposure of 
areas set aside for development. 
The average values of gamma radiation ADR in the streets of region settlements are close to the average values in 
Russia and were approximately 76 - 87 nGy/h, and about 52 nGy/h in gardens, parks, in the forest (in the open area). 
All measured values of radiation exposure at region territory didn’t  exceed the permissible levels set by local 
regulations [1,3,13-16]. 
The territory of the Volgograd Region is characterized by a porous biological systems and well provided by clay, 
sand, chalk and limestone. Rocks area, producted for the needs of the construction industry, are represented 
exclusively by sedimentary rocks. 
Radioactivity analysis of certain types of raw building materials showed that the highest Aeff  was specific for 
clay; the lowest - for the carbonate rocks (limestone, dolomite). Sand and gravel, tend to have a NRN specific 
activity, close to the average activity of the crust. 
The study of a large number of building materials samples (about 1,200 samples) in the Volgograd region 
allowed us to obtain a frequency distribution of materials for the effective specific activity. 
The highest values of the specific activity observed in concrete and ceramic bricks, and the lowest in plaster 
materials and products made of glass. 
The frequency distribution of building materials of the Volgograd region depending on Aeff has two significant 
differences from the average frequency Aeff distribution in Russia: 
x the highest Aeff values occur in the interval 25 - 200 Bq/kg. This range accounts for 55.6% of all the examined 
materials, and the average for Russia at this interval is less than 10% of the materials; 
x the lowest values for the Volgograd region account for materials with Aeff more than 200 Bq/kg. 
On the basis of foregoing it follows that the population of the region is mainly exposed to radiation from 
materials with Aeff  to 200 Bq/kg and in a less degree from the materials with Aeff exceeding 200 Bq/kg [1,3,13-16]. 
Materials made using industrial wastes are of particular interest. Waste-free technology encourages the use of 
industrial wastes for the production of building materials. This practice contributes to the preservation of the 
environment, natural resources, prevents pollution of the earth's surface, rivers, and also reduces the cost of 
construction materials. However, the effective specific activity in the waste industry corresponds to increased values 
of NRN in the materials. 
5. The proposals and the results of implementation 
Studies of the specific activities of NRN industrial waste showed higher values in the ash waste and 
phosphogypsum. Therefore, manufacturers of building materials are recommended to use limited dosing 
formulations of industrial waste to reduce the activity of NRN in the final product. 
Developed «Standards of acceptable levels of gamma radiation, radon in the areas of development and 
sampling», «Handbook of radiation monitoring in the construction industry of the Volgograd region», as well as the 
results of DER in the Volgograd region It were presented for Regional Constructing Committee in the form of 
Scientific and Technical Report. 
Thus, the region has become possible to conduct radiation analysis of plots set aside for the construction, building 
materials fields and materials to control reduction of radiation characteristics in the region. 
Surveys of residential and public buildings showed that the ADR in wood, brick and concrete buildings are 
located, respectively, in the range 24 – 82, 31 – 146, 98 - 327 nGy/h (Table 1). 
It was found that the average effective dose equivalent (EDE) in buildings constructed from a variety of building 
materials, was from 486 to 1983 mkSv/year, which is 1.1 - 4.5 times higher than the average for Russia (441 
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mkSv/h) [1,3,13-16]. This is explained by the difference of NRN activity in building materials, used in construction 
and soil-forming rocks of areas with different Aeff values. 
Table 1. Power values of absorbed dose of gamma radiation in premises 
Material of 
building 
Number of 
residents, 
thousands 
of people 
Number of 
measurements 
Absorbed dose rate 
(ADR), nGy/h 
 Human effective 
equivalent dose 
(EDE),  
mkSv/year medium variations 
Silicate 
brick 
932,2 978 71 39 – 187 612 
Concrete panels 1403 1062 213 98 – 327 1983 
Ceramic 
brick 
250 723 64 31 – 146 574 
Wood 29,8 637 42 24 – 82 486 
 
If the population of the Volgograd region all year round will be in open areas (2S-geometry), the annual EDE 
gamma radiation (mkSv/year) will be counted as: 
2 effN k AAS      (1) 
Where k - coefficient taking into account the radiation doses caused by J-radiation of NRN (for open area k = 
3.25; premises, built of wood k = 3.09; for brick buildings k = 4.74; for prefabricated buildings k = 12.38). 
For people living in the modern stone houses (with an average value of Aeff = 158.3 Bq/kg), the annual equivalent 
dose (Nbuild) will be 750.3 mkSv/year and N2S = 514.5 mkSv/year. 
The difference Nbuild - N2S is an additional effect of gamma radiation NRN caused by living in a modern brick 
buildings. Additional EDE gamma radiation for the Volgograd region population is: 
2 750.3 514.5 235.8 /buildN N mkSv yearS      (2) 
By comparing the obtained value with the average country value of the additional exposure (136 mkSv/year 
when Aeff = 93 Bq/kg), it can be concluded that the exposure of inhabitants of the region exceeds the average level 
of public exposure in the country to 100 mkSv/year [1,3,13-16]. Ratio of average power J-radiation dose in 
residential buildings Pbuild Volgograd region to the dose in an open area P2S, rationed to the number of inhabitants 
was equal to 0.96 for wooden houses; 1.87 – for concrete ; and 1.41 for brick ones. Values Pbuild / P2S for the wooden 
houses are close to the previously known data and for panel and brick houses are at 4 to 15% higher. The average 
dose rate of gamma radiation in residential buildings is different for different parts of the region, depending on the 
predominant type of buildings and the specific activity of NRN in local construction materials. 
It was established that in prefabricated buildings total dose received by a population is 3 - 5 times higher than in 
the other buildings. This is due to the fact that the panel structures are often made from materials with inert 
aggregates (crushed stone, gravel), and sometimes industrial wastes (slag, fly ash, etc.), which generally have higher 
specific activity indicators. 
In addition to residential premises held dose studies in public buildings. The premises in child's care and 
educational institutions were examined first because the impact of radiation exposure is especially harmful to the 
child's organism. Power of absorbed dose does not exceed 150 nGy/h, and less than 2% higher than the 250 nGy/h 
(25 mkR/h) at more than 50% of child's care and educational institutions. The dose rate level doesn’t exceed the 
allowable at all surveyed facilities for children and educational institutions. 
Experimental studies of radiation exposure has been held to identify the ADR in the room depending on Aeff  of 
used construction materials. Two cubes were made with an edge of 100 cm to 120 cm in size and were set one into 
another. Space between the walls of cubes was filled with a mixture of components with Aeff to 370 Bq/kg, that is 
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the first class material. In the center of the cube at a distance of 0.5 m from the wall EDR measurement was 
conducted using a DRG-01T1 and SSR-68-01 dosimeters. 
Studies have shown that the the dose rate will exceed EDR on average 27.1 mkR/h in volume of 1m3 made of 
building materials with Aeff = 370 r 5% Bq/kg, which is  at 7,1 mkR/h higher than the normative values. Calculation 
was found that the area of the room has almost no effect on the dose rate. 
The conducted experimental studies of radiation exposure in a certain volume of materials with different Aeff 
made possible to construct a graph of the ADR dependence from  used building materials Aeff. By using this graph 
we can determine not only indoors ADR value, but also an accidental deviation of inclusion in the wall or ceiling of 
foreign bodies with high activities, by means of materials Aeff. 
A study of a large number of houses showed that the ADR in the premises is almost does not depend on the 
number of storeys of the building. There is only a slight increase in radiation dose (0.5 – 1.5%) in the premises, 
located on the tenth floor and above. This is due to the additional contribution of cosmic radiation, which has 
sufficiently high penetration ability and is highly dependent on the height above sea level. 
It was found that in the spring-summer period, the average dose rate is 2 – 3% higher than in the autumn and 
winter. This is due to the fact that in the spring and summer the maximum solar activity and cosmic radiation make a 
certain contribution to the dose rate. Increasing the radiation dose in the warmer months is due to the maximum 
opening of the pore surface of the Earth, as well as influence of clay forming layers that has high levels of specific 
activity of radio nuclides [1,3,13-16]. 
ADR study in a certain volume has shown that in order to reduce radiation exposure in the premise it is necessary  
threefold Aeff of protective material should be d Aeff of walls and ceilings construction material. We have studied a 
group of materials made by different techniques, and identified those which demand to this condition (plastics, 
gypsopolimere etc.). 
Power reduction theory of gamma-background in the premises is based on the laws of environment ionization by 
charged particles of different nature. As a result of interaction with atoms of the medium, gradually moving charge 
loses energy on the excitation and ionization of atoms of this medium, as well as to radiation during braking. The 
quantitative results depend on the properties of the protection of the environment (density, atomic number), and the 
nature of the moving particle (energy, charge, mass). 
In order to solve practical problems of reducing the dose loads in residential and public premises, radiation 
conditions is determined (dose rate and annual dose, etc.), and the exposure dose P is measured: 
 2
8.4 , /MP R h
R
    (3) 
Where M - the gamma equivalent of radiation source, (mg*ekv Ra); 8.4 - gamma constant Ra is in equilibrium 
with the major subsidiaries of the decay products; R - is distance from the source (in this case the plane of the wall, 
floor or ceiling), (m). Exposure dose of J-radiation D is calculated if necessary: 
x xdQ dQD
dm dVU
  

    (4) 
or 
 2
8.4 ,M tD R
R
      (5) 
Where dQɯ  - the sum of electric charges of all ions of the same sign in the element of air volume (dV) mass 
(dm), formed by electron emission caused by J-rays, with the full braking; U - density of the material; t - detection 
time, (h). 
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Selection of the building material and evaluation of the protective layer thickness is  calculated depending on the 
material density and Aeff, according to Table 2. 
Table 2. The thickness of the protective material (cm) at a given weakening multiplicity and the chosen material density (U) 
Multiplicity 
of weakening 
The calculated 
thickness values and 
coefficients 
Multiplicity of 
weakening 
The calculated thickness values 
and coefficients 
1.0 20.0 – 6.4U 10 118.2 – 51.2U 
1.5 29.7 – 9.1U 20 147.5 – 63.1U 
2.0 44.9 – 13.2U 50 189.6 – 76.4U 
2.5 66.8 – 19.7U 100 206.4 – 79.8U 
5.0 89.9 – 36.4U 200 234.5 – 87.4U 
 
Since at conditions of the problem averaged EDR is created by six flat sources (four walls, floor, ceiling), the 
formula for calculating the field of radiation source of such geometric shape consists of six i-functions and is 
described as a: 
       1 2 6; ; ; ; ; ;4 2sum
S
E a m n a m n a m n a
SM M M M
S
ª º   }« »¬ ¼
  (6) 
 8.4 ; ;i A F m n aM       (7) 
Where n = h/l; m = l/b; a - the thickness of the protection; S - activity of a flat source. If A - activity is expressed 
in Bq, the distance b from the source to the detector - in m, and J-constant in mkR*m2/(s*Bk), the dosimetric 
quantity is expressed in power mR/sec. 
Thus, the total value of the measured value corresponds to the activity of the six flat rectangular sources, ie Msum = 
6Mi. It was found that the range of activity indicators changes in environments with different size (4 to 30 m2) in the 
range of 1 y 6*10-6 g*ekvRa, that is negligible. Therefore, the distance from the source to the detection point can be 
ignored, that is, R = const. 
The final calculation of the thickness of the protective material is reduced to definition of 1/6 of the values in the 
table 2 with particular weakening multiplicities and density of the selected material. Aeff  is taken into account to 
determine the calculated value of EDR while installation of the protective material and are presented in Table 3. 
Table 3. Calculated EDR taking into account Aeff of protective materials 
Ⱥeff, Bq/kg 15 20 25 30 35 40 45 50 55 60 
Ʉ of recalculation 1.04 1.05 1.07 1.08 1.09 1.11 1.12 1.13 1.15 1.16 
 
To reduce the radiation dose indoor construction materials with high density and low Aeff should be used. The 
materials with high density are concrete, glass, granite, heavy stones and others. However, all these materials have a 
large effective specific activity (more than 200 Bq/kg). Glass has a relatively low Aeff (a 40 - 60 Bq/kg), but this 
material in its physical properties can’t be versatile finishing, and even more, construction material in buildings. 
A group of ceramic, plastic, gypsopolimere and wood finishing materials made by different technologies have 
been studied. Materials made by radiation-chemical process (high degree of polymerization, total binder content up 
to 85%, high density material, Aeff is less than 20 Bq/kg) have the advantage. These materials can be competitive to 
use in premises for radiation exposure reducing.  
It is found that only two surfaces facing (floor and ceiling) by material with Aeff  d 30 Bq/kg reduces indoors 
ADR to 1.5 - 2 times [1,3,13-16]. 
Any limitation of public exposure can only apply to the sources of radiation, posed dose of which may be 
controlled by man (exposure accountability principle). Complete protection from ionizing radiation can be achieved 
1671 V.A. Kamaev et al. /  Procedia Engineering  150 ( 2016 )  1663 – 1672 
only if the dose from all sources will be zero, which is impossible at any reasonable cost. Therefore, the protection 
requirement «at any cost» is meaningless. 
The most important parameter, making estimations quantitative is the maximum justified value to reduce EDE by 
1manSv. These estimates are in the range from 100 to 100,000 $ 1manSv. 
Replacing a building material with high Aeff NRN to an alternative (undergone to additional processing), with 
low Aeff is appropriate when a reduction of damage to human health as a result of such replacement will not be less 
than the cost of the replacement. 
It was calculated cash equivalent (D - maximum justifiable cost to reduce the radiation dose to 1 manSv) of 
various building materials replacement, as well as during finishing, in order to assess the economic expenses (Table 
4). 
It was found that the cash equivalent in view of radiation safety depends mainly on the difference of building 
materials NRN specific activities. Decreasing of this difference decreases also the materials replacement cost ($/t) 
and increases the monetary equivalent [1,3,13-16]. 
  Table 4. The values of the monetary equivalent of the main types of building materials used in the Volgograd region 
Building 
material 
Population, 
thousands of 
people 
' Aeff, 
Bq/kg 
Cost of 
replacement, 
$/ton 
EDE, 
mkSv/year 
Monetary equivalent 
)(
$
manSv  )(
.$
manSv
mil
 
Ceramic brick 250 89 0.85 574 1496 374 
Clay - 122 1.16 578 2011 502.7 
Silicate brick 932.2 25 0.24 612 187 174.3 
Reinforced 
concrete panels 1403 104 0.99 1983 206 289 
6. Conclusion 
In the course of this study, the problem was solved, which has significant practical importance - reducing dose 
loads in residential and public buildings from natural radio-nuclides containing in building materials. 
For the first time extensive radiological studies (more than 7000 measurements) of residential, public and 
industrial buildings, built from a variety of building materials have been conducted in the Volgograd region. It was 
established that the ADR in production facilities of construction companies is averagely by 15 - 20% higher than in 
residential areas. The regularities were revealed of changes in doses rate of areas, deposits of building materials raw 
and premises, depending on the influence of various factors (time of year, the building materials used, the number of 
storeys of the building, etc.). 
The distribution map of radiation dose in the Volgograd region was drawn up for the first time, allowing 
engineering design organizations to navigate in radiation-ecological survey and designated areas for development. 
The dependence of premises’ ADR on the effective specific activity of used building material was found 
experimentally for the first time. 
The frequency distribution of Aeff in building raw and materials. Analysis of the frequency distributions showed 
that the population of the Volgograd region is exposed to more radiation (up to 56%) of building materials with Aeff 
to 200 Bq/kg. 
The average J-radiation annual effective equivalent dose exposed to Volgograd region population was calculated. 
Additional public EDE (Nbuil = 235.8 mkSv/year) was estimated, due to living in a modern brick buildings. The level 
of area residents exposure exceeds the average level of public exposure in the country to 100 mkSv/year. 
«Norms of admissible levels of gamma radiation, radon in the areas of development and sampling» were 
developed and accepted for execution, to ensure radiation safety of the Volgograd region population. «Handbook of 
radiation monitoring in the construction industry of the Volgograd region» was developed and released, allowing 
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users to focus on radiation parameters in mineral raw materials, and architects in the selection of areas for 
development. 
The specific activity of NRN was investigated or the first time in local and imported finishing materials, made 
from various types of raw materials. It was found that the lowest Aeff performance (less than 50 Bq/kg) have plastic, 
gypsum, gypsopolimere and wood fiber surfacing materials and the highest one (164 - 355 Bq/kg) - ceramic tiles. 
The theory of radiation dose in premises reducing was worked out. A method for reducing the exposure rate in 
the premises was implemented by specific NRN activity in building materials rationing as well as usage of materials 
with high density and low effective specific activity. It was found that only two finishing surfaces (floor and ceiling) 
with faced by material with Aeff d 30 Bq/kg dose may reduce dose power indoors by 1.5 - 2 times. 
A method of the radiation dose reducing in premises was implemented, based on calculation of the protective 
materials thickness and determining the radiation source power, which represents a closed system. 
Calculations were held of cash equivalent $/manSv of various types of building materials replacement and 
finishing, depending on the specific activity of the NRN materials. It has been established that a decrease in the 
difference between the specific activities of the NRN materials decreases also the cost of their replacement and 
increases the monetary equivalent. 
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